Abstract: This paper attempts a long-term look at how Coastal Professionals should deal with Climate Change (CC) and Climate Impact (CI). It consists of 2 parts -'The Past and the Present', and 'The Future'. Part 1 traces the history of standard coastal design methodology, the IPCC's CC research, the debate around it and how the results affect coastal science and design. Part 2 discusses the time frame to be considered and the urgency of CI. It names six crucially important requirements to be able to proceed into the future. These are: 1. To produce the knowledge and people needed to deal with future CI, university research and teaching cultures need to change fundamentally. 2. We must now increase our knowledge about dealing with CI. 3. The research into CI and design methods must be international, completely focused and closely coordinated. 4. All newfound insights must be shared as soon as possible. 5. A strong international group must be appointed to supervise the research into CI. 6. Funding must be arranged through the beneficiaries of this CI research.
Introduction
This paper steps back from everyday practice and concerns. It attempts a longterm look at how Coastal Professionals should deal with Climate Change (CC) and Climate Impact (CI). The emphasis of the paper is on design, applied science, and common sense to deal with future CI. It identifies some of the problems Coastal Professionals have with CI today and then tries to understand what to do about CI in the future.
The paper consists of two parts:
• PART 1: The past and the present
• PART 2: The future PART 1 -The past and the present
From Certainty to Uncertainty
Standard coastal analysis and design methodology is based on a combination of available measurements and past experience. In some fortunate cases, those measurements span a century or more. During that time Coastal Science and Engineering grew from infancy to maturity and we learned all our 'lessons'.
Long-term climate was thought to be relatively constant and benign, and design methods were based on the assumption that the climate processes (that is winds, waves, water levels, storms, storm durations, etc.) are stationary 1 processes, which lead to relatively simple analysis (Holthuysen, 2007; Kamphuis, 2010) .
In the last few decades we have begun to realize that climate is considerably more variable than was assumed over the previous century. As a result, for example, the World Meteorological Organization (WMO) and the United Nations Environment Program (UNEP) created the Intergovernmental Panel on Climate Change (IPCC) in 1988 "To prepare, based on available scientific information, assessments on all aspects of climate change and its impacts, with a view of formulating realistic response strategies". The IPCC's research on CC is based on the premise that the concentration of Greenhouse Gases (GG) in the atmosphere governs the escape of long wave solar radiation reflected from the earth's surface back into outer space. Increasing GG concentration in the atmosphere will trap more heat in the earth's atmosphere and result in Global Warming (GW). The IPCC identifies Carbon Dioxide, Methane, Halocarbons and Nitrous Oxide as common GG and states that the increase in GG concentration since 1860 is mainly anthropogenic -generated by man -with more than half of it as the result of burning of fossil fuels (IPCC, 2014) .
The IPCC has been criticized for its assumptions, its research, its scientific methods, and for the basic premise that GG concentration drives GW and CC. A semi-organised collection of Climate Skeptics has forcefully expressed their criticisms. The IPCC appears to be taking these criticisms seriously, becoming more careful about its methodology.
In spite of all care taken, the IPCC results contain large uncertainties. There are two reasons for this:
• The future increase in GG concentration and hence future GW and CC is difficult to predict. For example, it depends very much on how much more or (less) fossil fuel will be burned in the future and on what the relevant positive feedback loops are.
• The IPCC models and assumptions themselves are subject to the usual uncertainties of climate models and mathematical models. Hence, estimates to predict future CC, and hence future CI are quite approximate.
What is clear is that the IPCC has proposed a plausible theory (increasing GG concentrations cause GW and CC) and that it is continuously supported by new measurements and research results.
The IPCC's critics, on the other hand, expressed some valid criticisms of the IPCC's methods, but they also continue to state that the present GW and CC is nothing to worry about and is not unusual, if viewed (as it should be, according to them) from a long-term perspective of the earth's temperature changes. Everything can be explained by known long-term and shorter-term cycles. Ice core data covering the past 450,000 years show an irregular temperature variation with 5 or 6 distinct peaks in the temperature (Wikipedia, 2014) . The cyclicity of the ice core temperature data is indeed similar the long-term cyclical behavior predicted by the Milankovitch cycles (NOAA, 2014) . The data also indicate that we have passed a maximum temperature peak about 10,000 years ago and that we are now in a general cooling trend, (as we move toward the next glaciation). Yet, the temperatures do not appear to be decreasing the same way as when the temperature dropped following the earlier temperature maxima. It is as if some external heat engine is adding heat to the system and is preventing the temperature from decreasing, as might be expected from long-term cycles. The data are much too irregular to show any details with confidence, but this illustration does demonstrate a basic point about the time frames to be considered regarding CI. Should the past 10,000 years or so be of most interest to us or should our time frame be much longer?
The answer for that depends on the perspective taken. Are we interested in geophysical time -how the earth will fare in the future -then we must adopt a geophysical time frame and think in terms of millions of years, a time frame related to the life of the earth. However if we are interested in preserving and caring for the present Environmental/Social Systems then the time frame must be related to life in this system. Then the relevant time frame becomes centuries or millennia.
The critics of IPCC are entirely correct when they state that CC does not exist (over a very long time frame, that is). Fortunately, the IPCC's research results permit us to choose a time frame that is more related to the present biological lifetimes on this planet. That is, a timeframe in which humans have had their major impact and one that humans can do something about in the future.
The author has carefully studied the IPCC's results and has read many of the critical papers and books written on CC and has carefully considered the arguments presented by both sides. The assessments below are the result of this careful analysis.
The IPCC's results continue to be supported by new research data and thus the IPCC's approach becomes more credible with time.
That means, we now need more than just criticisms of IPCC's methodology. At this stage we need more than suggestions that cycles in the correct combinations could explain the present CC; we now need clear proof, supported by data that cyclical behaviour can explain CC on a scale of centuries to millennia. We need clear, substantiated alternate theories that can explain the unusual temperature changes over the past 10,000 years and particularly over the last 1000 years. Alternatively, we need to prove clearly that IPCC's theories are incorrect and untenable.
Unless one of these happens, we have no alternative, but to pay close attention to the IPCC and its results.
This means coastal discussions and design methodology are moving from methods based on the assumption that climate is a stationary process to a new paradigm: "Climate is changing (rapidly) and is difficult to predict into the future". The design paradigm has changed from relative certainty to substantial uncertainty and hence, future problems to be solved by Coastal Professionals are not just simple extensions of past technology.
The Present Challenge
Coastal Professionals must now develop appropriate response technology to deal with future CI, in order to increase the safety of millions of people. They must look beyond the uncertainties in CC predictions and concentrate on CI. But where are the data for such new technology? There are some haphazard observations of past disasters. There are also better-documented disasters, such as Hurricane Katrina and some detailed analyses of recent tsunamis in Japan. But such information covers only sudden disasters resulting in certain isolated CI. What about the broad-based steady, creeping effects of CC on the environmentfor example, how must we design for CI from slowly rising, yet quite unpredictable relative sea levels covering large geographical areas?
At this time, there is no alternative, but to learn by careful collection and analysis of data from actual recent CI observations of all varieties to begin to formulate reasonable answers.
Until now, no radically new methods have been developed to deal effectively with the future, non-stationary climate and with the uncertainties surrounding climate predictions. The main 'solution' so far has been to use 'Adaptive' or 'Flexible' design. This makes excellent sense in view of the uncertain CC predictions, but that approach frightens clients, governments, permitting agencies, and all stakeholders with their accountants and lawyers out of their minds. They want certainty.
Here lies the crux of our problem. At the present time, we do not have the technology to develop convincing designs to accommodate or counteract CI, and stakeholders are disturbed by what they perceive as trial-and-error design 2, 3 . Past design methods were based on the apparent best available technology and they appeared to offer more-or-less solid design criteria. Moreover, the stakeholders trusted those design criteria. They especially liked the fairly confident assurances of safety and risk. But now they ask: What is 'adaptive, flexible' design? What are the principles of such design? What are the alternatives? What are the margins of safety to be expected in such designs?
Conclusions PART 1
The major conclusions from the discussion of the past and the present (PART 1) are:
1. We have no alternative, but to pay close attention to the IPCC and its results. 2. The design paradigm is suddenly changing from relative certainty to substantial uncertainty.
3. Coastal Professionals must develop appropriate response technology for future CI, as they move forward from the uncertain CC predictions. 4. At this time, we do not have the technology to develop convincing designs to accommodate or counteract CI, and stakeholders are apprehensive about what they perceive as trial-and-error design.
There is much work to be done by this and the next generations of Coastal Professionals. That means, we are in desperate need of bright, well-educated Coastal Engineers and Scientists to catch up on the backlog of ideas and technology with respect to CI and to be able to forge ahead into an uncertain future.
The question this paper asks is: What Do We Do Now? And this brings us to:
PART 2 -The Future
The first consideration is the time frame we need to use for our discussions and designs. We certainly need to be familiar with the earth's geophysical history and long-term cycles, but when designing for CI, a time frame that is more closely related to the human lifecycle is of greater use. Our practical planning horizon should focus on the next 50 to 100 (perhaps to 150) years 4 . Any shorter-term considerations may be suitable for designing some types of infrastructure, but they are too short for complex, interacting Environmental/Social Systems. Yet, at this time, we must not try to develop any longer-term solutions. Such solutions are unnecessary and expensive -unnecessary, because much will be learned about CC and CI between now and 50 -150 years from now; expensive, because we really do not have methodologies in place yet and will make mistakes. The above time frame also brings into sharp focus the concern with GG and GW since about 1860.
The next consideration is urgency. At this time, CI is becoming urgent in some geographical locations with densely populated flood-prone delta and river areas. However, as citizens of this planet with its closely connected, interacting Environmental/Social Systems, learning about CI and making progress on developing methodology to deal with CI is already urgent for everyone, in particular for the Coastal Profession. It is important to remember that where there is urgency, calamity is not far behind, and that historically, urgent needs were generally not seriously addressed until calamity actually struck. For example, even in the Netherlands, where coastal expertise is world-class, recent, hallmark projects such as the Enclosure Dam and the Delta Works were initiated by massive flooding (Kamphuis, 2015) . 'Design by Disaster', such as this is normally generated by procrastination, lack of funding and disagreement among stakeholders. That should be a guideline to us as to what not to do in the future.
Six Important Requirements for the Future
At this time, we can identify six aspects that need the (urgent) attention of Coastal Professionals, as we move into the future. These requirements may appear idealistic to some readers, in which case they will serve as targets. These requirements (targets) will be worked out in greater detail in Kamphuis (2015) .
1. CI involves practical problems that need practical solutions. This means that our education system must become much more practice-oriented
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. Our present students and graduates are, generally, not educated to deal with practical problems. To proceed into the future we urgently need:
a. More practical coastal research in the universities (Kamphuis, 2010 (Kamphuis, , 2010a (Kamphuis, , 2011 (Kamphuis, , 2012 (Kamphuis, , 2013 . That is a giant requirement for researchers in the universities. Practical research is, in general, more complex, costly and time-consuming than more theoretical research. As academic advancement, promotion, reputation and funding are all based on essentially the number of publications by a researcher (Kamphuis, 2011) , it becomes a huge step for the researcher to move into more practical research, which will mean more complexity, more unknowns and more dead-ends in the research effort, possibly resulting in fewer publications and less kudos and funding. Yet, more theoretically oriented research alone is not likely to equip the profession to provide practical solutions to CI-related problems. b. More practical learning. Lectures and seminars need to stress coastal science and engineering practice -proficiency with practical problem solving, as well as the basic engineering and science tools. This culture change needs to start with the first year undergraduate students. In later years and in post-graduate study this should focus on developing practical coastal science and engineering knowledge and skills, in an integrated environment involving not just basic coastal science and engineering. Such study should include the related sciences, as well as the political, economic and social aspects of working in the coastal zone. All of this can only be achieved through individual and group learning, rather than through formal lectures and solving set-piece problems. This means (complex) practical problems should be set for and solved in groups that include as many different backgrounds as possible, either as advisors or student participants. Such fluid, seamless, trans-disciplinary interaction will be very difficult to achieve in the present structured, discipline-oriented university environment.
Because of the interconnectedness of the science and engineering disciplines with other related science/engineering disciplines, as well as with governments, social structures and various other stakeholders, communication, presentation and leadership skills are also important acquisitions. They will be learned through practice in the above group study settings, but this must be supported by formal instruction. Unless everyone clearly communicates with and understands everyone else, coastal projects cannot proceed through the necessary development steps to reach satisfactory completion (Kamphuis, 2008) . This huge requirement will need a cultural change in the university and in its science/engineering environments. How can 'unrelated' departments, professors and students work together in trans-disciplinary groups like that, within the present, rigid university structure? It is not possible under the present university structure. An additional open question becomes: How should the students be examined on and accredited for their achievement and skills in such an open and varied learning environment? c. Unless these cultural changes are made to university practice and education, young professionals to deal with CI will be in short supply. d. It is our job as professionals to work alongside the universities and the professors to work out clearly what the needs are, and to feed back to them the success stories from a reorganized education as soon as they appear. Unless the universities can identify real payback they will have no real reason to change. Such payback would be in the form of enhanced reputation, better quality of incoming students and professors, greater demand by the professions for their graduates. Also there are tangible rewards for research that is clearly relevant to today's urgent problems and for graduates that have skills relevant to today's problems. Although there is little hard evidence at the present time how such changes to the research and learning environments will benefit the universities, their professors and their students, we must communicate continuously with the university community to demonstrate their successes and make them satisfied that their efforts have been worthwhile. 2. We must now increase our limited understanding of CI through gathering, collating, studying and concluding from data from (recent) historical and present evidence of CI. And from that we must develop new design methods to accommodate and/or counteract CI, taking into account the uncertain future values of CC. One very important aspect related to CI is system resilienceits meaning and impact must become clearly understood, defined and taught (Kamphuis, 2008) . 3. The research into design methods must be completely focused and closely coordinated. This research must not be permitted to go off into many different directions simultaneously, developing costly, unrelated bit-solutions. General framework solutions are needed to organize the individual research results into a cohesive, useful and credible whole -results that can be used to develop solid design methodology that will be acceptable to stakeholders and is supported internationally by the science and engineering communities and by society and its political bodies. These frameworks can also be used to formulate future research around the most urgent aspects of CI. 4. All newfound insights must be shared as soon as possible with all the relevant the communities involved to prevent repetition and unnecessary duplication. This involves difficult questions such as: a. How do people from radically different specialties best teach and learn from each other? b. What is the best way to teach and learn from the younger generation, who will face CI head-on? c. How do we communicate the insights most effectively to all the stakeholders? d. How do we gain the understanding and confidence of all stakeholders? 5. Items 3 and 4 point to the need for a strong international supervisory group.
But, who should be represented and by whom? Those are difficult decisions, but these choices must be made by the professions to organize the work, prevent proliferation of results and ensure their sharing 6. Finally, who should fund such expensive, collaborative, international, integrated research? Clearly, governments are the direct financial and sociological beneficiaries of any improvements in understanding and dealing with CI. Therefore, coastal professionals, must be at the forefront of communicating the benefits, as well as the responsibilities of learning to understand CI, its associated risks and exposures to the agencies of our individual governments, as well as to the international professional, as well as governmental organizations, such as the UN, WHO, the EU and other Supragovernment bodies.
Conclusions PART 2
5. We need more practice-oriented learning and research in our universities 6. We must now increase our understanding of CI through study of any existing evidence of CI.
